Abstract-Some scientists have used the system dynamics approach to analyze the social system problems for a long time, but research about the ship industry has seldom included this method. The ship industry has also many cycles caused by the uncertain factors involved in long-term capital investment. This paper uses the system dynamics model to simulate the patterns of the investment in container ship, serving the Yangtze River from the Chongqing container terminal. From the view of the terminal capacity development, the container ship capacity should match the expansion of the terminal's capacity level, so the containers' demand discussed here only comes from the terminal's capacity expansion which is the edge of the system simulated. The problem of the simulation is the complicated hydrographical condition of the Yangtze because the construction of the Three-Gorge Dam affects the depth and speed of the river greatly. Therefore the natural environment change has a direct effect on the ship operations and transportation capacity per year. A difference between the demand of the containers and the supply of the ship capacity will come out which will cause the freight rates to surge and is an incentive for new ship building investments. All the elements interact and make the system go dynamically.
I. INTRODUCTION
The Yangtze River, especially the Three-Gorge Reservoir, is becoming an important container transport route in the region of western China and some new container terminals have been built or are being planned or under construction (Fig. 1) . As the volume of the container goods grows, the trading of container ships in the area is likely to increase considerably.
But the special hydrographical condition raises a number of questions concerning the quality and operational suitability of existing container ships at present. Seasonal varying depth and water speed at different voyage passages in the Yangtze River and Three-Gorge Reservoir disturb the container ship sailing. As a consequence, traditional types of container ships serve without economic benefit. But the booming transport demand of containerized goods on the Yangtze River, especially in upstream and middle part, needs suitable and profitable container ships urgently. So the most important task is to invest in capacity of container ships to cope with the growing demand. Shipping is a capital-intensive industry with a history of sudden freight market booms and collapses. Estimating future transport demand and the ensuing adjustment of container ship supply has proved to be extremely difficult [1] . Depending on the available shipyard capacity, shipbuilding is a long process, taking usually two to three years. So investment decisions are made while freight rates and market demand are sprouting, but new capacity enters the market with a substantial time lag, possibly when both demand and prices are weak [2] . The fact that container ships tend to be expensive and nobody can make investment decisions easily, especially for ship owners who are willing to take their share of the growing container market in Yangtze River. A system dynamics method will be introduced in this paper to simulate the pattern of the container ships growing after making investment decision. This paper is structured as follows. In the following two sections, system dynamics approach in shipping market is introduced through literature review and general introduction of the system dynamics theory. Then the complicated condition of the Yangtze River and the Three-Gorge Reservoir is presented in detail. In the system-dynamics simulation section, existing date on the container terminal capacity, number of vessel fleet and delay in new building of container ships are used to analyze the development of new types of container ships. In the last part the simulation results are analyzed which suggest that the change of river depth will affect the timing and duration of the development.
II. SHIPPING MARKET
In general, the mechanism behind market cycles is very simple. According to Stopford [2] , a shipping market cycle is a coordinator between supply and demand. The supply and demand model of economics is often used as a tool for analyzing market cycles. Most of the maritime economists 978-1-4244-2126-8/08/$25.00 ©2008 IEEE A" ,\.
_AQ accept that the shipping market is driven by a competitive process in which demand and supply determine the freight rate. On the demand side, the most important factor behind a shipping cycle is the business cycle of the world economy. Booming world economy increases the demand for transportation and, when the economy goes into recession, the world trade usually drops and the goods transportation eventually is reduced. Another class of factors influencing demand is sudden economic shocks like the oil crisis and wars. These events are unpredictable by nature, but still very important [2] The main cause of cyclicality in the supply side is the new shipbuilding cycle. Depending on the state of the shipbuilding market, the time lag between ordering a vessel and the delivery of it may range from one up to 3 or even 4 years. In the extreme shipyard market conditions of the 1970s, delivery times of 4-5 years were common [2] . Zannetos [3] and Serghiou [4] argue that ship-owners commonly overestimate economic opportunities when freight rates are rising, and order too many ships with a lag of about 6 [7] , Charemza and Gronicki [8] , and Strandenes and Wergeland [9] . After Lucas's [10] critique, rational expectations models that derive aggregate macroeconomic equations from the micro behavior of rational agents have become the standard. Also influential in the field, Beenstock and Vergottis [11] employed the modem developments in dynamic macroeconomics and econometric theory to develop their econometric model of world shipping. Besides the inability of most structural models to outperform statistical models, economists have been suspicious of "black-box" type methodologies that do not take into account the ability of agents to learn rationally and adapt their optimal policies dynamically [ 12] .
The use of system dynamic models has not been common practice in the field of maritime economics, and especially in problems related to container shipping. The reasons for avoiding this approach may only be guessed, but, as Veenstra and Ludema [13] argue, there are other commonly established research approaches, mostly based on econometric methods. In the beginning of the 1970s, Coyle [14] conducted a study using system dynamics in order to analyze the design of an integrated oil supply system. The study was carried out for a major oil company, which already had effective processes for managing shipping operations. Dikos et al (2006) [15] design a system-dynamics model for Niver Lines. The study was based on the situation prevailing in the oil industry at that time, which most of the oil company's required tanker capacity was controlled either by direct ownership or long time-charter contracts, while spot charters were only used to fill the gaps in seasonal demand. In all the models demand is decided by the world economy which is the big system. This paper tempts to research the ship industry from a new point of the development of the terminal. As we know, the expansion of a terminal's capacity should be suitable for the growing of the goods, which means that we can use the expansion of the terminal's capacity to substitute the exogenous demand's change roughly. The substitution is reasonable when making research in the container transportation in the Yangtze, for the transportation is booming from now on.
III. SYSTEM-DYNAMICS APPROACH
A system is a number of components integrated into a complex entity, and system analysis simply means the consideration of the entity rather than the separate consideration of individual components. The systems approach can be defined as an organized, efficient procedure for representing, analyzing and planning complex systems. It is a comprehensive, problem-solving methodology that involves two main steps: the rational and creative structuring of both quantitative and qualitative knowledge, mainly in the form of models, to represent problems; and the development of analytical techniques through which the problem can be analyzed and solved. System dynamics, a member of the family of systems approaches, provides a systematic framework for modeling and understanding a number of transport issues [16] .
In theory, the system-dynamics approach is a structural system with an architecture that incorporates cause and causality relations and provides a user-friendly interface for conducting sensitivity analyses. Furthermore, it does not require external calculations and allows users to incorporate their assessments on several external variables and fundamental relationships. Finally, it provides a framework for including feedback loops and nonlinear effects [ 15] .
From a manager's point of view, we tried to design a model that would contribute to the implementation of managerial practices in reality. System-dynamics modeling has the advantage of allowing the users to model the direct impact of changes in the market and dealing with the nonlinear problem with the feedback loops easily. System-dynamics problems suggest how the environment can act upon the system and contain feedback loops. In feedback situations, X affects Y, and Y in turn affects X, perhaps through a chain of causes and effects. One can not study the link between X and Y and, independently, the link between Y and X and predict how the system will behave. Only the study of the whole system as a feedback system will lead to correct results. Feedbacks are of two kinds [17] : 1)Self-reinforcing or positive feedback ( Fig.2(a) ), such as stock-market bubbles, compound interest, or breeding rabbits, accelerates growth or accelerates to a collapse.
2)Goal-seeking or negative feedback ( Fig.2(b) ), in which discrepancy induces corrective action to return the system to a target state or a long-term equilibrium.
978-1-4244-2126-8/08/$25.00 ©2008 IEEE System-dynamics methods improve our understanding of the relationship between cause and effect and of the counterintuitive effects of delays and feedbacks. An industrial system is a complex multiple-loop interconnected system (basic loop as Fig.3 ) [18] . Decisions are made at multiple points throughout a system. Each resulting action generates information that may be used at several but not at all decision points. Feedback loops form the central structures that control change in all systems [19] . Likewise, feedback loops are the organizing structure around which system dynamics models are constructed. System dynamics provide a qualitative and quantitative environment for modeling complex decision-making environments. I try to use system dynamics depending on my ability to design a changeable-draft container shipment from Chongqing Terminal with some loops, feedbacks, and decisions for analyzing the shipping investment. 5) . So once the vessel sail across the Three-Gorge, operation and design of the vessel must take the complicated environment mentioned above into consideration firstly. In the paper the container ship will sail from Changqing to Nanjin (distance: 1887km), through the Three-Gorge. Due to several general factors such as investment decisions and delayed production as well as case-specific reasons such as varying depth, ranges and not enough container ships available, new container ships should be built which could change the draft according to the varying depth of the fluid, because this kind of vessels could make good use of the water depth to transport the goods as much as possible. The key question is that the days of each period are not fixed because the hydrographical conditions change every year. If the low period lasts for a long time, ship should reduce the TEU every trip and the whole throughput of the terminal will be less. This will affect the traffic volume of the whole year, which will make the freight rate vary in the market and change the investment decision of the ship-owners. In the paper a system dynamics model concerning of the issue of the new building of changeable-draft container ships has been designed which links future container shipment to the new capacityenlargement decisions.
As a start point in the simulation, the total transportation capacity is based on the data mentioned above (92 thousand TEU at the Chongqing terminal in 2003), when there are 9 container ships whose capacity is 144TEU available (Liu, 2005) . Assuming the trade is transporting containers from Chongqing to Nanjing (Fig. 1) , these 9 ships would have a combined container capacity of 38 thousand TEU per month in general, which can have 30 roundtrip voyages in a month. During the low depth period, the ship should load less TEU, and during the high depth period, it should load more. Since it is a complex issues and subject to many reality operation things, but for modeling purposes it is assumed that varying days of the different period will increase the total transport volume to 82 thousand TEU per month'.
The days that low period and high period last for have a great effect on the container ship capacity named total available container ship capacity in Fig.4 . When the varying depth is taken into account, the total container ship capacity will be limited, but there still is a limitation of the increase of ship capacity. The maximum of the total container ship capacity will be equal to the design capacity of Chongqing terminal in the future.
Since the container ship in the market at present can not fulfill the container transportation demand, new ships must be built. As we know, shipbuilding needs a few years before newly constructed capacity is delivered into the market. In the simulation 2 years delay is adopted for although 2 years may be overoptimistic in today's shipbuilding market, but it is adequate for modeling purposes which is mainly to analyze the characteristics of a system in which pattern of increase container ship capacity goes. In the model, the initial capacity of Chongqing terminal is set to 92 thousand TEU per year, which is the terminal's true capacity when it was taken into operation in 2003 (Liu, 2005) . From the programming of the Ministry Communications of China, the total capacity of Chongqing container terminal will reach 700 thousand TEU per year in 2010 (Liu, 2005 order to make the patterns' tendency more visible using 25 ,hipbuilding,O) years on the x-axis and the results are in Fig.5-7 .
From Fig.5 Fig.4 . At this time the freight 1 capacityrate surely is at the peak and will go downward later. The high level of deliveries of the ship also is the trigger for increased deliveries and the ship-owner should consider w capacity, 2, carefully when he wants to invest at this moment.
The relationship between different ratio of the low and high periods and the deficits in available vessel capacity ultimately r shipping gives the push of ship building. In the case of 1 month low, ty the depth maintain the high level nearly the whole year, the existing vessels could hold as more containers as possible, so the new building demand of the container ships is lower than other scenarios. Oppositely, the incentive for new building construction is the high freight rates caused by capacity deficits because of the insufficient supply of the container ships. The way by which different ratio of the low and high period and the ship building delay affect the container transported from the Chongqing terminal is also showed in Fig. 7 
